Introduction
The nucleophilic trifluoromethylation of dialkylam ino-dichloroboranes C12B N R2 with the reagent C F 3B r/P(N Et2)3, first used by R uppert [1] , yields dialkylam ino-bis(trifluorom ethyl)boranes (C F3)2BNR2 or dialkylamino-tris-(trifluoromethyl)-borates (C F3)3B N R 2e (A) depending on the stoichiometry [2, 3] . The latter can be easily protonated to borane-amine complexes (C F 3)3B N H R2 (B), yields o f the adducts B ranging from ca. 1% for (C F3)3BNH(Me)(r-Bu) to 77% for (C F3)3BN H Et2 [3] . Furtherm ore, it was observed that degradation of the N H R 2 ligand in a Hofm ann-type fashion to prim ary amine complexes (C F 3)3B N H 2R (C) with concom itant elimination of alkene occurred readi ly when the R group was linked to nitrogen by a tertiary carbon atom , e.g. R = ?-Bu [3] . Applica tion of this elimination to the preparation of the N H 3 complex (C F3)3B N H 3 by successive degra dation of the N H R 2 ligand required complexes B with tertiary a-C atom s in the R group. Such ter tiary ct-C atom s can also be incorporated in a cy clic amine, e.g. in 2,2,6,6,-tetram ethylpiperidine (Htmp).
While only spectroscopic evidence could be ob tained for a complex B with N H R 2 = N H (C H 2)4 (pyrrolidine; n = 4), the piperidine adduct (n = 5) was isolated with a yield of 15%. In order to ex tend the series o f (C F 3)3B complexes with cyclic amines and to study their stability in dependence of the ring size we have, therefore, attem pted to synthesize also a hexahydroazepine (n = 6) com plex of (C F3)3B.
Trifluoromethylation of Aminodichloroboranes
The trifluorom ethylation o f C12BN(CH2)6, Cl2BN(tmp) and Cl2BN(/-Bu)(Bz) with three equivalents of C F 3B r/P(N Et2)3 in C H 2C12 was per formed as previously described [3] . Amine com plexes were obtained in poor yields, side reactions, which yielded intractable residues, being im por tant even at 0 °C. While the expected hexahydro azepine derivative 1, formed according to ( 1) , could be isolated, the two other reactions proceed ed with Hofm ann-type CN cleavage by which the primary amine complexes 2 and 3 were obtained with yields o f 22 and 9.5%, respectively (2, 3) . 
Cl2BN(tm p) [(CF3)3BN[C(CH3)
A lthough the intermediate anions A2 and A3 could not be isolated, the N M R spectra of the reaction m ixture give clear evidence for their inter mediacy. Cleavage of one CN bond to form 2 or elimination o f isobutylene occur only upon pro tonation.
The poor yield o f 3 prompted us to search for further reaction products. Addition o f ethanol to the crude reaction mixture precipitated a crystal line m aterial which consisted of three components 4 -6 , with predominance of 4.
Cl(C F3)2BCH(Ph)NH(7-Bu)(Bz) and 5 result from the reaction o f interm ediate aminoborane (C F 3)2BN(7-Bu)(Bz) with benzyl bro mide (chloride) which is produced in the course of the trifluorom ethylation reaction by an unknown mechanism. The suggested reaction pathway is surprising in the light o f the observation that BzBr and (C F3)2BNM e2 react differently to yield Br(CF3)2BNM e2(Bz). We suppose that steric hindrance prevents attack at the nitrogen atom of the corresponding am inoborane (C F3)2BN(?-Bu)(Bz) by the benzyl-CH2 group; in stead, the nitrogen abstracts a proton to form phenylcarbene, which then inserts into the BN bond to yield 4 as outlined in Scheme 1. 
The constitution of 4, 5 and 6, particularly the fact th at their boron and nitrogen atoms are not directly bonded, is based on analyses and the anal ogy o f their spectral data to that o f the hydroxy derivative 7 -the structure of which was deter mined by X-ray crystallography. Since the latter exhibits num erous signs of steric strain, the struc ture o f the related but sterically less encumbered 6 was also studied crystallographically.
The unexpected formation of 4 and 5 cannot be explained unambiguously, but we assume that 4 A bstraction o f HBr from 4 followed by phenyl m igration forms 6, which is the first trifluoromethylborate in which the boron atom is exclusively bonded to carbon. The likelyhood of HBr abstrac tion from 4 under the basic conditions of the tri fluorom ethylation reaction was established inde pendently by the reaction o f 4 with N E t3, Scheme 1.
In order to obtain a derivative suited for an X-ray study and to evaluate its reactivity, we have reacted 4 with H 20 , C2H 5OH, C d(C F3)2 D M F [4] and M e3SnH. While the two form er reactants yield the expected substitution Replacement of Br by H was attem pted by reacting 4 with M e3SnH in the presence of N E t3, eq. (7). Although a product 10 with the expected composition was obtained, its investigation by N M R and IR spectroscopy suggested that a rear rangement with a phenyl shift similar to that dis played in Scheme 1 had occurred. W hether this C ->B phenyl shift is induced by N E t3 and involves the intermediate 6 or proceeds as suggested in eq. ascertained on the basis of the available data. In any case migration of a phenyl group from carbon to boron seems to be therm odynamically fa voured, and 10, which is in fact hydrogenated 6, is a second example for a trifluorom ethylborate with boron exclusively bonded to carbon.
Properties and Spectra
The physical properties and the 'H , 19F, n B and 13C N M R spectra of 1 -1 0 are set out in Table I . The 'H N M R spectra confirm the proposed con stitution, and their assignment is mostly straight forward. In CDC13 the C H 2N H 2 group in 3 gives rise to a AA'XX' higher order coupling pattern while no V(H H ) coupling is found in more polar solvents like C D 3CN. The phenyl resonances o f 3 to 10 are not assigned in detail. Chemical shifts of "B and 19F fall into narrow and typical ranges, -8 to -1 6 ppm and -6 0 to -7 0 ppm, respectively. As usual, the C F 3 groups were not found in the 13C N M R spectra due to quadrupole broadening by the boron nucleus.
El mass spectra of 1 -1 0 were recorded; selected fragments and their relative intensities are set out in Table II . M olecular ions M + appeared only for 2 and 3. Fragments of the benzyl group are dom i nant in the spectra of 4 -1 0 .
Infrared and Ram an spectra are in general com plex. However, some diagnostic vibrational bands which support the proposed structures could be assigned. They are listed in the experimental sec tion.
While 2 is a liquid, all other com pounds are sol ids at room temperature, and 1, 3 and 6 can be sublimed in vacuum. Whereas 4, 5 and 7 -1 0 are completely decomposed at 150 °C, thermolysis of 2 at 160 °C proceeds via NC cleavage to yield the desired borane-ammine complex (eq. (8)). Details of this diene elimination and alternative reactions yielding (C F 3)3B • N H 3 are described else where [5] . All com pounds are air-stable and insol uble in, but resistent to water at ambient tem pera ture; they readily dissolve in CHC13, C H 2C12, C H 3CN, (C H 3)2CO and Et20 . Com pounds 4, 5, 6 and 10 are poorly soluble in ethanol. The boronhalogen bonds of 4 and 5 are quite unreactiveonly being cleaved in the presence o f N E t3 or other bases. Therefore, the observed substitution reac tions seem to proceed by an elimination-addition mechanism.
X-Ray Structure Analyses
Crystals of 1 ,6 and 7 were grown from solutions of dichloromethane/hexane, diethyl ether and chloroform /petroleum ether, respectively. While 1 was glued to the end o f a glass fiber, 6 and 7 were sealed in glass capillaries. The lattice constants and intensity data (Table III) were determined at 24(1) °C with a Siemens AED 1 diffractometer. The intensities were derived from 6-26 scans and subsequently corrected for absorption and the fluctuations of the three hourly-monitored stand ard reflections.
The crystal structures were solved by direct methods and refined by full-matrix least-squares techniques. Dispersion-corrected, relativistic Hartree-Fock scattering factors were used for all a t oms except hydrogen (SDS) [6] . Only nonhydro gen atom s were assigned anisotropic tem perature factors. While the parameters of the nitrogen- bonded hydrogen atom in 1 and the H(3), H(N) and H(O) atoms in 7 were refined freely, those of H(3), H (8 A) and H(8 B) in 6 were varied so that their C -H bonds remained 0.95 Ä long. The re m aining hydrogen atom s were idealized (C -H : 0.95 Ä) and allowed to ride on the corresponding carbon atom . The refinements converged to yield the coordinates of the nonidealized atom s as set out in Tables IV, V and VI. The numbering schemes are defined in Figs. 1, 2 and 3 -hydrogen atom s being num bered after the atom to which they are covalently bonded. No extinction correc tion was necessary [7] . The program SHELX-76 [8] was used for structure solution and refinement.
Thermal m otion calculations were made with the program TH M A 11 [9] , which fitted the 66 Uy's o f the (C F 3)2BC2 and (C F 3)2BCO fragments in 6 and 7, respectively, to a 32 param eter model. This model augments the usual 20 rigid-body-motion param eters by correlated torsions about the B -C F 3 bonds [10] . Thermal corrections to the bond lengths are greatest for the C -F distances and bring them into the usual range [11] -average values being 1.372(10) Ä in 6 and 1.377(7) Ä in 7.
Since the other corrections were generally small, only uncorrected distances will be mentioned in the following. The somewhat high barriers calcu lated for torsions about the B -C F 3 bonds may be due to steric crowding (vide infra). The torsional barriers average 8(2) kcal/mole in 6. In 7, that found for the sterically crowded B -C (2) bond, 10(2) kcal/mole, is significantly larger than that calculated for the sterically less-encumbered B -C ( l) bond, 3.2(2) kcal/mole. 
Description and Discussion of the Crystal Structures
The structure of 1 is shown in Fig. 1 , and select ed bond distances and angles are given in Table VII. The atom s of the F (l), C (l), B, N, H fragment lie on a crystallographic m irror plane which bisects the seven-membered ring. While the ring exhibits a boat conform ation, the large thermal ellipsoids o f its carbon atoms are indicative of disorder; there fore, the large N -C -C and C -C -C bond angles and short C -C bond lengths in the ring are undoubtably artifacts which should not be taken seri ously. In addition, the fluorine atom s exhibit large torsional displacements about their corresponding B -C bonds. Our inability to model this "partially melted structure" is reflected in the high final re siduals.
The B -N and average B -C bond lengths in 1, 1.606(8) and 1.631(7) Ä, respectively, are both slightly but not significantly longer than the corre sponding distances in (C F3)3B N H Et2 (B l) -1.596(8) and 1.613(6) Ä [3] , Some distortions of the (C F3)3BN fragment probably result from repulsions between the C F 3 and nitrogen-bond methylene groups. Firstly, the angle formed by the B -N vector with the B -C ( l) bond, which lies gauche to two N -C bonds, is 3.7(5)° larger than that formed by the B -C (2 ) bond, which has one N -C bond in gauche posi tion. Secondly, the C (l)-B -C (2 ) angle is 2.4(5)° larger than the C (2 )-B -C (2 ') angle. Thirdly, the fluorine atoms, F(2) and F(4), which are adjacent to the methylene groups, are involved in the two largest B -C -F angles. Fourthly, the B -C (2 ) bond is rotated by 10° away from the staggered position so as to increase the F(4)---C(4) separa tion. Since very similar distortions were found for B l [3] , recourse to steric considerations appears to be a tool o f general validity for deriving the origin of a variety of structural detail in amine-boranes. The structure of 6 is displayed in Fig. 2 , and se lected bond distances and angles are listed in T a ble VIII.
The average B -C F 3 bond length in 6, 1.617(8) Ä, agrees well with that, 1.618(7) Ä, found for the amineboranes (CF3)2BX N H M e2 (E) with X = OH ( E 1) and X = F (E2) [11] ,
The electron-withdrawing power o f the two C F 3 groups appears to shorten the B -C (15) bond in 6. It is significantly shorter than the B -C (P h ) dis tances in com pounds in which boron forms four B -C bonds -namely 1.643(6) Ä in Ph4B~ salts [12] . On the other hand, the B -C (15) distance in 6 agrees well with the average B (cn4)-C (aryl) dis tance (1.606(12) Ä) cited for com pounds in which boron also bonds to several electronegative groups [12] .
Com pared to these B -C distances, the B -C (3 ) bond length in 6 appears som ewhat long (1.645(7) Ä). Steric forces may be at play here; that is, the B -C ( 3 ) -N angle appears to have been opened to 133.0(4)° in order to relieve repulsions between H (8 B) and the B and C(15) atom s -the calculated H (8 B) -C(15) separation being only 2.44(4) Ä [13] .
Steric forces probably cause the bond angles at the boron atom to deviate from tetrahedral values. The largest angles are C (2 )-B -C (1 5 ) and C (3 )-B -C (15), (-114°), and as seen in Fig. 1 , the bo ron-bonded phenyl group is so oriented that its best plane approaches the C(2) and C(3) atom s as close as possible. On the other hand, the C ( l) -B -C (3 ) angle is -10° smaller despite the synperiplanarity of the C (l)-B -C (3 ) -H (3 ) fragmentthe -11(3)° torsion angle of which leaving H(3) symmetrically disposed with respect to the F(2) and F(3) atoms. Note that the C(2), F(4), F(5), F (6) fragment is displaced from the staggered orientation by a 16° rotation about the B -C (2 ) bondthe displacement lengthening the H (1 6 )-F (4 ) contact.
Although the nitrogen atom carries a (/-Bu) sub stituent, the N -C (3 ) and N -C ( 8) bonds assume norm al separations [12] for doubly and singly bonded linkages, respectively. The C -C distances in the (/-Bu) group deserve some mention. While the C (4)-C (5) bond length, which lies in the iminium plane, assumes a norm al value, the outof-plane C (4)-C (6) and C (4)-C (7) distances aver age 0.065(11)Ä shorter.
The crystallographic study of 7 revealed its betain structure; that is, the borate and amm onium centers are separated by a benzyl carbon atom. A view o f the sturcture is presented in Fig. 3 , and selected bond distances and angles are given in Table VIII . While the average B -C F 3 bond in 7, 1.615(4) Ä, agrees well with those of 6, E l and E2 [11] , the B -C (3 ) distance in 7 is significantly (0.030(8) Ä) longer than that o f 6. The lengthening may be due to nonbonded repulsions between the C F3 groups and the bulky substituents of the C(3) atom , which probably also spread the C (2 )-B -C (3 ) and B -C (3 )-C (4 ) angles to 118.5(2) and 121.8(2)°, re spectively. The Newman projection in Fig. 4 shows that the conform ation along the B -C (3) bond lies between staggered and eclipsed forms. D eparture from the staggered conform ation lengthens the H (14A )---F(5) contact (2.26 Ä) while shortening the H(9)---F(5) (2.37 Ä) and H(3) -F (l) (2.41 Ä) distances [13] .
On the other hand, the observed conform ation is stabilized by formation of an intramolecular A stirred solution o f 15.6 g (86 mmol) C12B N (C H 2)6 in 30 ml dry C H2C12 is saturated at 0 °C with C F 3Br and, while further C F 3Br is passed through the solution, 277 mmol P(N Et2)3 are added dropwise. After no further C F 3Br is ab sorbed, stirring at am bient tem perature is contin ued for one hour, volatile m aterial removed in vacuum and the viscous residue treated with ca. 40 ml conc. HC1. Crude 1 is obtained as a viscous oil which was repeatedly sublimed and thereafter recrystallized from CH Cl3/hexane, yield 5.0 g (19%). Elemental analyses see Table IX. IR ( Analogously from 215 g (0.88 mol) C12BN(/-Bu)(Bz) [14] in 800 ml dry C H 2C12, 720 g (2.91 mol) P(N Et2)3, 5d, room temperature. After addition at 0 °C of 500 ml conc. HC1 to the viscous residue, treatm ent of the organic layer with 500 ml EtOH yields a precipitate from which 6 (0.3 g, 0.08%) is separated by fractional sublimation (100 °C/10_1 Torr). The recrystallization of the re sidue from C H 2Cl2/petroleum ether yields 18 g (4.3%) 4. Ethanol is removed from the m other liq Benzyl-2,2-dimethyl-5-phenyl-6,6,6 -trifluoro-5-trifluoromethyl-3-azonia-5-borata-hexane (10) A solution o f 1.45 g (3 mmol) 4, 1.0 g (6 mmol) M e3SnH and 0.6 g (6 mmol) N E t3 in 20 ml C H 2C12 was stirred for 1 d at ambient temperature, volatile material removed in vacuum and the residue ex tracted with EtOH. C om pound 10, which is poorly soluble in EtO H , crystallized and was washed with small am ounts of CHC13; yield 0.4 g (33%).
3-
IR (cm -'): 3245 w, v(NH); 1080 vsb, v(CF3). R a m an (cm "1): 1598 s, 1005 vs, v(C = C).
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